When Spirulina platensis filaments were exposed to 0.75 mW.m_2.s_1 of ultraviolet-B radi ation (the ultraviolet-B radiation under clear sky condition is -1.0 mW.m_2.s_1), an inhibi tion in photosystem II activity was observed, the inhibition being 90% after 90 min exposure. Upon exposure to ultraviolet-B, the room temperature emission characteristics of Spirulina cells were altered when excited with light primarily absorbed by chlorophyll a or phycobilisomes. When the cells were exposed for 3 h the emission at 685 nm (F685), when excited at 440 nm (primarily chlorophyll a absorption), was enhanced compared to 715 nm (F 715) band of photosystem I suggesting a decrease in energy transfer from photosystem II to photosys tem I. Similarly, when the cells were excited at 580 nm (primarily the phycobilisomes), the ratio of emission intensity at 685 nm (F 685) to that of 655 nm (F655) was decreased in the exposed cells. This change in emission characteristics seems to be linked with the uncoupling of the energy transfer from allophycocyanin to chlorophyll a of photosystem II. A small shift in emission peak positions was also indicated when excited either at 440 nm or 580 nm. Analysis of the fast induction of chlorophyll a transients in the presence and absence of 10 jam 3-(3,4-dichlorophenyl)-l,l-dimethylurea (D CM U) indicated that ultraviolet-B expo sure initially affects Q A, the primary stable acceptor of photosystem II, and then the plastoquinone (PQ) pool. Our results on the loss in photosystem Il-catalyzed Hill activity with p-benzoquinone or dichlorobenzoquinone as electron acceptors also supports the contention that ultraviolet-B, even at low dose, initially alters the Q A of photosystem II and subsequently PQ pool. The analysis of functional pool size of Spirulina suggests a substantial decrease in the functional pool size after 2 h UV-B exposure. These results indicate that in Spirulina low intensity of ultraviolet-B initially damages the reaction centre of photosystem II.
Introduction
Spirulina biomass production outdoors is influ enced by a variety of environmental factors. One of these factors which has drawn attention in re cent years is ultraviolet (U V ) radiation. There is an increase in U V radiation reaching the atm o sphere from sun due to damage to stratospheric ozone layer by a number of pollutants (Frederick, 1993) . This increase is more pronounced in case of UV-B ( 2 8 0 -3 2 0 nm) as ozone selectively absorbs it (Bothwell et al., 1994) . This increased U V radia tion is affecting all types of living organisms in cluding plants. In plants, U V -B was shown to in hibit primarily photosynthesis (Caldwell et Reprint requests to Prasanna . E-mail: Pmohanty@jnunv.ernet.ln. Strid et al (1994) have observed that UV-B down regulates all the photosynthetic genes, the damage to the nuclear-encoded ones be ing more rapid than the chloroplast encoded genes (Jordan et al., 1991) . Of the photosynthetic genes tested D l was found to be more resistant to UV-B (Strid et al., 1994) .
While some reports indicate that the photosystem I (PS I) activity was not affected by UV-B (Iwan
Most of the above observations on the effect of UV-B on photosynthesis were made with exposure to relatively high intensities of the ultraviolet radi ation than naturally observed in solar radiation. Although U V -B exposure seems to induce dam ages at multiple sites, it is important to estimate the extent of the damage to photosystems and also to ascertain the early event of the damage. Thus, in this communication, we have attempted to char acterize the damage caused to PS II activity by moderate intensity (0.75 mW .m-2 .s-1 ) of U V -B ra diation in the cyanobacterium Spirulina platensis under laboratory conditions since cultivation of this organism outdoors is likely to be affected specifically by exposure to UV-B. Our results sug gest that PS II reaction centres are damaged at low to moderate intensities of UV-B. Also, the energy transfer between phycobilisomes (PBsom es) and PS II, and between PS II and PS I gets altered. We also show that U V -B exposure alters the in tersystem PQ pool of the electron transport chain in Spirulina. 
Materials and Methods

Spirulina platensis
Results and Discussion
Effect on spectral properties
The absorption spectra of control and UV-B treated Spirulina is given in Fig. 1 With excitation at 440 nm, absorbed primarily by Chi a, the room temperature emission spectra of both the control and UV-B treated cells of Spir ulina (Fig. 2a) showed emission peaks at 685 nm, emission originating from Chi a of PS II, and at 715 nm emanating from Chi a of PS I, and a shoul der at 660 nm emanating from allophycocyanin (A P C ) of PBsom es (Fork and Mohanty, 1986 ). The F 685 emission peak of the Spirulina cells was quenched by approximately 8% after 1 h exposure to UV-B. However, when the cells were exposed for 3 h, the same F 685 emission was enhanced by 7% to that in control. We consider this increase is due to uncoupling induced enhanced emission of A P C contribution to F 685 peak (Mohanty et al, 1985) . Similarly, with 2 h exposure the F 660 emis sion due to A P C was enhanced by 9.5% . However, these changes are less than 10% and hence are considered insignificant. Also, cross-over of the spectra of 2 and 3 h UV-B exposed cells to that of the control occurred at around 665, 695 nm which is indicative of a shift of F 685 peak emission band that emanates from both A P C and Chi a (M o  hanty et al, 1985) . The ratio of F 715/F 685 with 440 excitation indicated that there is a drop in the ratio from 0.83 in control to 0.77 in 3 h UV-B treated The room temperature emission spectra of both the control and UV-B exposed Spirulina cells when excited at 580 nm, which primarily excites chromophores of PBsomes, showed a peak at 655 nm and a shoulder at 685 nm (Fig. 2b) . Inten sity of the peak at 655 nm decreased steadily on exposure to UV-B by -8% after 3 h of UV-B treatment and the decrease is considered insignifi cant upto the time measured. Cross-over of the spectra between control and UV-B exposed cells were observed at 665 and 695 nm again indicating a small peak shift. The ratio of F 685/F 655 enhanced by about 6% after 1 h and 11% after 2 h. The increase in F 685/F 655 ratio seems to indicate uncou pling of energy transfer between PBsom e antenna and the reaction centre. Thus, analyses of emission characteristics of Spirulina cells suggest that UV-B induced spectral changes arise because of alter ations in energy transfer processes. Table I (Table I ). Up to 1 h of UV-B exposure, the p B Qsupported 0 2 evolution was more suppressed than the DCBQ-supported one after which the differ ence between them became negligible. This initial difference in loss in PS II activity with pB Q and (Table I) (Table II) (Table II) 
Changes in PS II activity
Intersystem p ool analysis
We have further measured the photosynthetic electron transport chain for its ability to reduce PS I. This reduction results from both the activity of PS-II dependent electron transfer as well as the intersystem pool size comprising plastoquinone, cytochrome b6l f and plastocyanin. The quantifica tion of P700 reduction and its subsequent oxidation by far-red light was carried out according to Schreiber et al. (1988) . PS I was oxidized by far- The time taken to re-oxidize P700 will be propor tional to the number electrons stored in the PQpool and, therefore, the reduction area (Fig. 4) is a measure of intersystem pool size (Schreiber et al., 1988) . This area decreased continuously as the duration of exposure of Spirulina to UV-B increased. Within 1 h of exposure of Spirulina fila ments to UV-B the damage to this functional pool was estimated to be 50% of that of the control which decreased to 70% after 2 h of exposure (Table IV) . Taken together with the PS II activity (Table I ) and fast Chi a fluorescence transient analysis (Table II) PS I in Spirulina. Also, UV-B caused inhibition of the PS II photochemistry as a result of damage to both PS II reaction centres and the intersystem PQ pool. The proportion of Q A-linked PS II dam age was more in extent than that of PQ pool and was an early event in UV-B induced damage to photosynthetic membranes of Spirulina.
